Objective: To evaluate the complications, mortality, and medical expenditures after nonurological surgical procedures in patients with chronic kidney disease (CKD). Methods: Using claims data of Taiwan's National Health Insurance, we conducted a matched cohort study of 35,643 patients with CKD who underwent nonurological surgeries in [2008][2009][2010][2011][2012][2013]. By using a propensity-score matching procedure, 35,643 non-CKD patients were selected for comparison. Logistic regression was used to calculate the odds ratios (ORs) and the 95% confidence intervals (CIs) of postoperative complications and in-hospital mortality associated with CKD. Results: The results showed that patients with CKD had higher risks of postoperative septicemia (OR: 1.78, 95% CI: 1.68-1.89), pneumonia (OR: 1.60, 95% CI: 1.48-1.73), stroke (OR: 1.34, 95% CI: 1.24-1.44), and in-hospital mortality (OR: 2.17, 95% CI: 1.90-2.47) compared with non-CKD patients. Longer hospital stays and higher medical expenditures after nonurological surgical procedures were noted in CKD patients. The association between CKD and postoperative adverse events was significant in both sexes, all of the age groups, and the other subgroups. Histories of myocardial infarction, epilepsy, and ages greater than 70 years were factors that were significantly associated with postoperative adverse events. Conclusion: Compared with non-CKD patients, surgical patients with CKD exhibited more adverse events, with risks of in-hospital mortality that were approximately 2-fold higher after nonurinary surgery. These findings suggest an urgent need to revise the protocols for postoperative care in this population.
Introduction
Chronic kidney disease (CKD) is a global health problem, and its prevalence and incidence have gradually increased. 1, 2 It has also been recognized as an independent risk factor for both cardiovascular complications and all-cause mortality in a wide spectrum of clinical scenarios. [2] [3] [4] [5] [6] [7] The national prevalence of CKD for adults aged 20 years and older over the period from 1994 to 2006 in Taiwan was approximately 11.9%. 8 In the United States, the prevalence of CKD stages 1-5 during the mortality is still unknown, elevated levels of inflammatory mediators, plasma homocysteine, endothelial dysfunction, hypercoagulability, and arterial calcification may all serve important roles. 5, 6, [9] [10] [11] [12] [13] [14] Associated comorbidities, including diabetes mellitus, hypertension, hyperlipidemia, or cardiac diseases, 1, 5, 6, 8 may complicate CKD, in terms of surgical outcomes. 5, 15 In several widely used surgical risk indices, kidney dysfunction has often been listed as a major predictive factor. 5, 16, 17 In view of the potentially increased absolute number of CKD patients, these patients are more likely to undergo various surgical procedures.
Renal function impairment represents a wide variety of complex diseases 1, 8, 15 that may have differential impacts on postoperative adverse outcomes. [3] [4] [5] 18 Although the perioperative outcomes of surgical risks in patients with CKD have been reported, [3] [4] [5] 9 there were several limitations in the previous studies, such as small sample size, 3, 9, 19, 20 inadequate adjustments for potential confounders, 9, [19] [20] [21] [22] and focus on a single surgical procedure or a specific population. 4, 9, [19] [20] [21] [22] These previous studies indicated that the association between preoperative CKD and postoperative adverse events was not completely understood. By using Taiwan's National Health Insurance Research Database, we conducted a matched nationwide analysis to evaluate the global features of complications and mortality after various major surgeries in individuals with and without CKD.
Methods

Source of data
Taiwan's National Health Insurance program was implemented in March 1995, with a high coverage of more than 99% of Taiwan's 23 million residents. This study used reimbursement claims data from Taiwan's National Health Insurance Research Database that recorded all of the beneficiaries' medical services, including inpatient and outpatient demographic characteristics, the physicians' primary and secondary diagnoses, treatment procedures, prescriptions, and medical expenditures.
Ethical approval
To protect personal privacy, the electronic database was coded with patient identification scrambled for further public access for research. According to the National Health Research Institutes regulations, informed consent is not required because of the use of coded and scrambled patient identification. Our study was conducted in accordance with the Helsinki Declaration, and it was also approved by Taiwan's National Health Research Institutes and the institutional review board of Taipei Medical University  (TMU-JIRB-201808012; TMU-JIRB-201509050) .
Study design
We identified 35,643 patients with CKD, aged 20 years and older, who underwent major nonurological surgical procedures from January 1, 2008, through December 31, 2013. These procedures required general, epidural, or spinal anesthesia as well as hospitalization for at least 1 day. Each surgical patient with CKD was matched with 1 randomly selected, non-CKD surgical patient. We conducted the analysis by using a propensity-score-matched pair procedure and considered the following factors: age, sex, low income or not, whether the operation took place in a medical center, coexisting medical conditions, preoperative emergency care, preoperative inpatient care, types of nonurological surgeries, and types of anesthesia. To identify patients with CKD strictly, the present study required at least medical visits with a physician's primary diagnosis of CKD within the 24-month preoperative period. People without CKD were defined as those who had no medical visits with a physician's primary or secondary diagnosis of CKD within the 24-month preoperative period.
Measures and definitions
The patients' income statuses were identified from the Taiwan National Health Insurance Bureau, which defined low income as an economic status that qualified for waived medical copayments when receiving medical services. Whether the surgery was performed in a medical center and the types of nonurological surgeries and anesthesia were also recorded. The International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) was used to define the clinical diagnoses. Based on previous surgical studies, the medical conditions that were determined from the reimbursement claims for the 24-month preoperative period included mental disorders (ICD-9-CM 290-319), chronic obstructive pulmonary disease (ICD-9-CM 490-496), hypertension (ICD-9-CM 401-405), diabetes (ICD-9-CM 250), hyperlipidemia (ICD-9-CM 272.0, 272.1, and 272.2), ischemic heart disease (ICD-9-CM 410-414), epilepsy (ICD-9-CM 345), liver cirrhosis (ICD-9-CM 571), and heart failure (ICD-9-CM 428).
In-hospital mortality after the index surgery was considered to be the study's primary outcome. Nine major postoperative complications were considered to be secondary outcomes and included septicemia (ICD-9-CM 038 and 998.5), stroke (ICD-9-CM 430-437) pneumonia (ICD-9-CM 480-486), urinary tract infection (ICD-9-CM 599.0), acute myocardial infarction (ICD-9-CM 410), postoperative bleeding (ICD-9-CM 998.0, 998.1, and 998.2), and pulmonary embolism (ICD-9-CM 415). The incidences of intensive care, lengths of hospital stay, and medical expenditures during the index surgical admission were also compared. In this study, surgical patients who had septicemia, stroke, pneumonia, urinary tract infection, acute myocardial infarction, surgical bleeding, and pulmonary embolism within preoperative 3 months were not considered as those had postoperative complications.
Statistical analyses
For the determination of the associations between CKD and the postoperative outcomes, we used a nonparsimonious multivariable logistic regression model to estimate a propensity score for each of the surgical patients with CKD or without CKD. Clinical significance guided the initial choice of the covariates in this model to include age, sex, lowincome status, whether the operation took place in a medical center, types of surgery and anesthesia, hypertension, diabetes, cancer, mental disorders, peptic ulcer disease, chronic obstructive pulmonary disease, gout, anemia, atherosclerosis, pneumonia, asthma, osteoporosis, liver cirrhosis, angina, heart failure, venereal disease, Parkinson's disease, myocardial infarction, alcohol-related illness, peripheral vascular disease, atrial fibrillation, pulmonary tuberculosis, epilepsy, psoriasis, systemic lupus erythematosus, hypothyroidism, preoperative emergency care, and inpatient care.
We matched patients with CKD to non-CKD controls by using a greedy matching algorithm (without replacement) with a caliper width of 0.2 standard deviations of the log odds of the estimated propensity score. The categorical variables were summarized by using frequencies (percentages) and were compared between patients with and without CKD by using chi-square tests. The continuous variables were summarized by using means±standard deviations and were compared by using t-tests. Logistic regressions were used to calculate the adjusted odds ratios (ORs) and the 95% confidence intervals (CIs) of the postoperative outcomes that were associated with CKD. Additional analyses, which were stratified by age, sex, number of medical conditions, emergency visits, and hospitalizations, were also performed in order to examine the outcomes after nonurinary surgeries among patients with CKD within these strata.
Results
The baseline characteristics of the patients with and without CKD who underwent major surgeries are shown in Table 1 . Under the propensity-score matching procedure (Table 2) , there were no significant differences in age, sex, low-income status, types of hospitals, surgery or anesthesia types, hypertension, diabetes, cancer, mental disorders, peptic ulcer disease, chronic obstructive pulmonary disease, gout, anemia, atherosclerosis, pneumonia, asthma, osteoporosis, liver cirrhosis, angina, heart failure, venereal disease, Parkinson's disease, myocardial infarction, alcohol-related illness, peripheral vascular disease, atrial fibrillation, pulmonary tuberculosis, epilepsy, psoriasis, systemic lupus erythematosus, hypothyroidism, number of hospitalizations, and emergency care between the patients with CKD and those patients without CKD.
Compared with the non-CKD controls ( Table 4 shows that the associations between CKD and increased postoperative adverse events were significant for women, men, every age group, and patients with lower than 3 medical conditions. Postoperative adverse event was associated with CKD in patients with hospitalization and emergency care or not.
After adjustments in the multivariate logistic regressions (Table S1) 
Discussion
By using a comprehensive study design that included matching by propensity score, a large sample size, a multivariate adjustment of confounders, and the inclusion of various types of surgery, we observed that patients with CKD had a nearly 2.5-fold higher postoperative 30-day inhospital mortality and higher risk of complications, such as stroke, acute myocardial infarction, postoperative bleeding, pneumonia, urinary tract infection, and septicemia. In the CKD population, older age, low-income status, male sex, general anesthesia, and neurosurgery had relatively higher risks of postoperative mortality. In this study, CKD is associated with postoperative mortality. A previous study suggested that the mortality in CKD patients is higher during hospitalization in other conditions as well especially in infections even without surgery. 23 The postoperative mortality in patients with CKD differed in the various types of surgeries, 3, 4, 9, [19] [20] [21] [22] and the corresponding complication rate was associated with both the preoperative stage of CKD and the estimated glomerular filtration rate (eGFR). 3, 9, 19, 21, 22 Our investigation focused on different types of surgical specialties, and the overall postoperative mortality was 2.6%. A previous meta-analysis suggested that most of the causes of postoperative death in CKD patients were due to cardiovascular adverse events, followed by septicemia. 4 Among previous studies, cardiovascular and infectious adverse events commonly occurred in patients with CKD, but there still existed inconsistencies in these events, either in mortality rate or complication incidence. 4, 9, 22 These observations can possibly be attributed to the different surgical procedures and varied severities of renal dysfunction. Cardiovascular complications and associated death have been shown to be related to patients with renal function insufficiency. [1] [2] [3] [6] [7] [8] In our investigation, incidences of postoperative stroke and acute myocardial infarction were significantly higher in the CKD group. Although the exact mechanism for the development of postoperative cardiovascular events is still unknown, some hypotheses have been developed to explain the phenomena. For example, increased levels of inflammatory and prothrombotic markers, such as c-reactive protein, fibrinogen, albumin, hemoglobin, white blood cell counts, and coagulation factor VII, have been observed in cases of renal disease and decreased GFR. 24, 25 Other factors contributing to the abnormal cardiovascular outcomes included accelerated atherogenesis, nutritional effects, endothelial dysfunction, metabolic changes, coronary artery calcification, and left ventricle abnormalities. 25 Medical and surgical infections are common in patients with CKD. [26] [27] [28] [29] In our investigation, pneumonia, septicemia, and urinary tract infection were remarkably major postoperative complications in patients with CKD. Although the probable pathophysiology for the association is still unclear, several potential mechanisms have been postulated. For example, more comorbid illnesses, declined vaccination responsiveness, increased inflammatory cytokine levels, higher serum c-reactive protein concentrations, albuminuria, degraded endothelial glycocalyx, and impaired host immunity were shown to be associated with different types of infectious adverse outcomes. 26, 27, 30 However, the results were inconsistent between systemic infections (pneumonia and septicemia) and local infections in our study. Deep wound infections in patients with CKD did not exhibit significant differences when compared with the non-CKD group. A prior investigation of coronary artery bypass surgery in CKD patients revealed that wound infection rates were doubled in the moderate CKD group and that there was a more than 5-fold increase in the severe CKD group. 29 Local wound infection was solely notably increased in advanced CKD, 27, 29 and the discrepancies between our investigation and previous investigations are possibly due to the limitation of staging status in the presenting database. We suggested that the prevention of infection in CKD patients is crucial because it may lead to increased risk of cardiovascular events, endstage kidney disease, and mortality. Abbreviations: CKD, chronic kidney disease; SLE, systemic lupus erythematosus.
In the nonoperative condition, individuals with CKD had greater chances of bleeding. 32 The possible mechanism was thought to be related to platelet dysfunction, an abnormal interaction between platelets and the vascular walls, anemia, or effects of certain drugs. [32] [33] [34] Nevertheless, the detailed risk for perioperative bleeding remains unclear. In our study, postoperative bleeding was significantly higher in patients with CKD than in the population without CKD. Our findings were similar with a previous meta-analysis, which revealed the increased risks of blood transfusion requirements and postoperative bleeding. 32 CKD was also considered to be an independent risk factor for blood transfusion predictions. 35 The postulated pathophysiology for the risk of postoperative bleeding is complicated and may be attributed to multiple defects in all of the steps of platelet aggregation. 32, 33 Abnormal platelet adhesion has been observed to be due to the functional derangement of the interaction between von-Willebrand factors and glycoproteins IIb-IIIa as well as increased production of prostacyclin and nitric oxide, which makes platelet activation in CKD patients difficult. 34, 36, 37 Furthermore, inadequate platelet stores of adenosine diphosphate (ADP), as well as inadequate serotonin levels, cyclooxygenase defects, decreased thromboxane A 2 synthesis, and altered calcium mobilization, also appear to be associated with bleeding diathesis. 34, 37 There were some limitations that need to be addressed. First, we could not categorize the stage of CKD in this study because the information of glomerular filtration rate was not available in the database of Taiwan's National Health Insurance. The definition of CKD was based on physician's diagnosis during medical visits may cause misclassification because some people with mild CKD (such as stage 1 CKD) may not seek for medical care. This condition may lead to underestimation of the impact of CKD on perioperative outcome in this study because some mild CKD patients may exist in the non-CKD group in this study. Second, the administrative database lacked information on the individual characteristics of patients, such as socioeconomic condition, lifestyle, preoperative laboratory data, and pharmacological compliance. Third, the perioperative variables that were related to surgery and anesthesia were not adequately available in this research database, including factors such as changes in hemodynamic parameters, total volume of blood loss, transfusion details, use of prophylactic antibiotics or anticoagulants, duration of surgery, and postoperative meticulous care profiles. In addition, our study was of a retrospective nature, and a detailed randomization distribution could not be achieved between the groups, even though comprehensive matching and statistical adjustment were performed in this study. However, we assumed that the influence of all of the covariates was evenly distributed between the groups and that the bias would be reduced in this populationbased, large-scale study. Finally, our study is based on ICD-9-CM codes and very few coding errors could not be avoided.
In conclusion, CKD was an independent risk factor for postoperative mortality and complications, and adverse events after surgery could be observed in the various subgroups. The comprehensive preoperative assessment and optimal control of correctable risk factors should be effectively and efficiently implemented in advance to achieve better outcomes.
Abbreviations
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